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packet conversion at high speed for packet transfer or packet
transmission/reception has: a packet conversion unit for
performing packet conversion for a reception packet
received at a plurality of communication units and for a
transmission packet to be transmitted from the plurality of
communication units; and a transfer control unit for output-
ting, when the reception packet received by the communi-
cation unit is judged as a the transfer packet, the reception
packet to a transfer buffer, for outputting the transmission
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PACKET COMMUNICATION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This invention relates to a patent application Ser.
No. 10/298,520 entitled “Packet Communication Device,
Packet Communication System, Packet Communication
Module, Data Processor, and Data Transfer System” filed on
Nov. 19, 2002 by H. Arita.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a packet commu-
nication apparatus having a system LSI mounted with a CPU
and a plurality of communication means capable of trans-
mitting/receiving a packet and automatically transferring a
packet among the plurality of communication means by
using hardware.

DESCRIPTION OF THE RELATED ART

[0003] A communication apparatus using a packet is
known which is used as an IP phone for exchanging voice
data by using Ethernet (registered trademark, same in the
following) on the base of an Internet Protocol (IP). The
packet communication apparatus of this type is constituted
of a CPU, two Ethernet controllers, a transfer control circuit,
a memory and the like. One Ethernet controller is connected
to a hub (HUB) via a Ethernet, and the other Ethernet
controller is connected to a personal computer (PC) via
another Ethernet to connect HUB and PC via the commu-
nication apparatus. This method of reducing the number of
Ethernet cables to HUB has been adopted heretofore.

[0004] In this packet communication apparatus, if the
destination of a packet received from each Ethernet cable is
the communication apparatus, the received packet is directly
processed. If the packet has a different destination, this
destination is checked and when necessary the packet is
transferred to the other Ethernet cable. This packet commu-
nication apparatus can therefore transfer a packet of a mail
or Internet information transmitted from HUB and destined
for a PC to the PC side Ethernet cable, transfer a packet of
a mail or an Internet access transmitted from PC to a HUB
side, or realize a phone function by transmitting voices input
from a handset as voice data and outputting received voice
data from a speaker as voices.

[0005] With the IP phone, only about one packet per 10 ms
to 20 ms is transmitted/received and the number of packets
to be transmitted/received is small. There is therefore no
problem of transferring packets from a PC side which has a
relatively low real time nature. However, in order to realize
smooth speech between IP phones, packets of voice data are
required to be passed to LAN or WAN with a priority over
other data packets because the voice data requires a rela-
tively high real time nature.

[0006] As a packet priority communication for Ethernet of
Local Area Network (LAN), a priority control scheme at an
Internet Protocol (IP) level or third network layer and a
priority control scheme at a Media Access Control (MAC)
level or second data link layer are known according to the
Open Systems Interconnection (OSI) reference model which
is the international standards of networks.

[0007] The priority control scheme at the IP level can be
used by Ethernet of LAN as well as Asynchronous Transfer
Mode (ATM) for a Wide Area Network (WAN), and a frame
relay.
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[0008] Inorder to realize the priority control at the IP level
for Ethernet of LAN, the protocol process at the IP layer one
layer upper than the MAC layer is required so that the
process becomes complicated.

[0009] The IEEE 802 Committee has stipulated the stan-
dard IEEE 802.1p which can realize the priority control at
the second layer. IEEE 802.1p has been devised recently to
IEEE 802.1Q which supports a virtual LAN dealing one
LAN as a collection of a plurality of LAN’s.

[0010] An Ethernet packet stipulated in IEEE 802.1Q has
a packet length longer by 4 bytes than a basic Ethernet
packet stipulated in IEEE 802.3 because priority information
is added. Therefore, a packet communication apparatus
capable of transmitting/receiving only a basic Ethernet
packet cannot receive a packet with priority information.
IEEE 802.1Q stipulates that HUB transfers a packet by
converting it into a proper packet in accordance with each
communication apparatus.

[0011] HUB which supports packet conversion makes
setting of each port to which an Ethernet cable is connected.
If a packet of voice data with priority information stipulated
in IEEE 8021.Q is used for real time communication for IP
phones, this packet is sent from HUB connected to an IP
phone to another IP phone and also to PC connected to HUB
via the IP phone.

[0012] If PC connected to the IP phone cannot receive a
packet with priority information, HUB is required to convert
the packet with priority information into a packet stipulated
in IEEE 802.3.

[0013] There is a method of making CPU in an IP phone
convert a packet with priority information to be transferred
to PC into a packet in conformity with IEEE 802.3.

[0014] Packet conversion at HUB requires manual settings
of HUB which take a labor. In addition, a packet transmitted
from an IP phone or PC is converted by HUB into a packet
having the same priority.

[0015] With the advent of recent broadband of the Inter-
net, LAN and WAN are rapidly increasing their speed and
the number of packets to be received at PC is also increasing.
In addition to Internet services of PC which impose no limit
of an access time, such as e-mails and home page accesses,
Internet services which require a communication real time
nature, such as video and Internet television relay called
streaming, are increasing. Packets having various priority
degrees are transferred over the net.

[0016] Under such environments, as the number of pack-
ets to be transferred to PC increases, a packet communica-
tion apparatus is required to have a high transfer process
speed. This requirement is more severe than the improve-
ment on the CPU processing capacity.

[0017] With the packet conversion by CPU, as an over-
head of a CPU process and the number of packets to the
transferred to PC are increased, a CPU load increases and
the packet conversion process is delayed. A flow control and
dropping transfer packets may therefore occur.

[0018] In the case of an IP phone described above, if a
CPU load is increased by packet transfer, the voice process
executed by CPU is delayed. Services of IP phones are
therefore degraded. Occurrence of a flow control tempo-



US 2004/0034713 Al

rarily stops packet transmission from HUB to an IP phone so
that the voice data packet does not arrive at the IP phone. If
a transfer packet is dropped, the dropped packet is required
to be transmitted again so that the Ethernet transfer effi-
ciency lowers.

[0019] Furthermore, if an IP video phone is used as the
packet communication apparatus in place of an IP phone,
CPU is required to perform a heavy video process in
addition to a voice process. A CPU load increases further so
that the Ethernet transfer efficiency is degraded greatly.

[0020] If a conventionally used communication program
is used as a communication program to be executed by CPU
of the packet communication apparatus, this communication
program cannot transmit/receive a packet stipulated in IEEE
802.1Q. Therefore, the program is required to be altered and
an overhead of a transmission/reception process increases.
As the number of packets to be processed by the packet
communication apparatus increases, a CPU load increases
so that a flow control, dropping received packets, and a
transmission delay of a packet may occur. As a flow control
occurs, transmission of a packet from HUB to PC is tem-
porarily stopped so that a process performance of the packet
communication apparatus and the Ethernet communication
efficiency on the PC side are degraded.

SUMMARY OF THE INVENTION

[0021] Tt is an object of the present invention to provide a
packet communication apparatus and a packet communica-
tion module capable of automatically judging whether
packet conversion is necessary or not and performing packet
conversion for transfer or transmission/reception at high
speed.

[0022] A packet communication apparatus of this inven-
tion comprises: at least two communication means for
performing packet communication among a plurality of
communication objects by using a packet (new standard
packet) with priority information and a packet (old standard
packet) without priority information; packet transfer means
for transferring a packet among the communication means;
calculation means for performing a process requiring a real
time nature such as multimedia; and storage means for
storing at least one program to be executed by the calcula-
tion means and data and storing a packet to be transmitted/
received by the calculation means, wherein when the com-
munication object cannot receive the new standard packet,
the packet transfer means converts the new standard packet
into the old standard packet and transferring the old standard
packet to the communication object.

[0023] The packet communication apparatus further com-
prises at least one control register capable of being set with
a presence/absence of packet conversion by the calculation
means, wherein if it is judged that the communication object
cannot receive the packet with priority information, the
control register is changed from a new standard compatible
mode to an old standard compatible mode in a closed
manner within the apparatus in accordance with the program
stored in the storage means.

[0024] The packet communication apparatus further com-
prises a buffer for temporarily storing a packet to be trans-
ferred, wherein conversion from the new standard packet to
the old standard packet is realized by dropping only the
priority information without inputting the priority informa-
tion into the buffer.
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[0025] The packet communication apparatus further com-
prises a content addressable memory or a RAM table for
storing information on whether each of the communication
objects corresponds to either the new standard packet or the
old standard packet, wherein packet information basing
upon the stored information is performed in a closed manner
within the packet communication apparatus.

[0026] Inthe packet communication apparatus constructed
as above, the program to be executed by the communication
means checks whether the communication object connected
to the packet communication apparatus can receive the new
standard packet. If the communication object is compatible
with the old standard packet, this information is set to the
control register or content addressable memory (RAM table)
in the packet communication apparatus. In accordance with
the set information, the transfer means performs packet
conversion. Packet conversion can be performed in a closed
manner within the packet communication apparatus, without
any load upon the communication means.

[0027] Also in the packet communication apparatus, if the
program stored in the storage means to be executed by the
communication means cannot process the new standard
packet, the transfer means converts the new standard packet
into the old standard packet, writes the old standard packet
in the storage medium, and converts the old standard packet
in the storage means into the new standard packet to be
transmitted from the communication means.

[0028] The packet communication apparatus further com-
prises a control register capable of being set with a presence/
absence of packet conversion by the calculation means,
wherein if a program to be executed by the calculation
means cannot process the packet with priority information,
the control register is changed from a new standard com-
patible mode to an old standard compatible mode in a closed
manner within the apparatus in accordance with the same
program as the program stored in the storage means or a
different program.

[0029] The packet communication apparatus further com-
prises a register capable of being set with priority informa-
tion by the calculation means, the priority information being
inserted when a transmission packet stored in the storage
means is converted from the old standard packet into the
new standard packet, wherein if a program to be executed by
the calculation means cannot process the packet with prior-
ity information, setting the priority information to the reg-
ister is performed in a closed manner in the apparatus in
accordance with the same program as the program stored in
the storage means or a different program.

[0030] In the packet conversion apparatus, if a program
stored in the storage means cannot process the new standard
packet, the control register is set in accordance with the
same program as the program stored in the storage means or
a different program. The new standard packet received by
the packet conversion apparatus is therefore converted into
the old standard packet which is then stored in the storage
means. Similarly, the resister for storing priority information
is set in accordance with a program stored in the storage
means. In accordance with the register, the old standard
packet stored in the storage means is converted into the new
standard packet with priority information and transmitted.
Similarly, packet conversion can be performed in a closed
manner within the packet conversion apparatus without any
load on the calculation means.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a block diagram showing the structure of
a two-channel Ethernet communication apparatus according
to an embodiment of the invention.

[0032] FIG. 2 is a block diagram showing the structure of
a communication network using the two-channel Ethernet
communication apparatus of this invention.

[0033] FIG. 3 is a block diagram showing the structure of
a system having a plurality of directly connected two-
channel Ethernet communication apparatuses of this inven-
tion.

[0034] FIG. 4 is a block diagram showing the structure of
a system having a plurality of Ethernet communication
apparatuses of this invention connected to HUB.

[0035] FIG. 5 is a block diagram showing the structure of
a memory according to the invention.

[0036] FIG. 6 is a block diagram showing the structure of
a bus I/F circuit, buffers and a transfer judging circuit
according to the invention.

[0037] FIG. 7 is a diagram showing the structure of
registers according to the invention.

[0038] FIG. 8 is a diagram showing the structure of CAM
according to the invention.

[0039] FIG. 9 is a diagram showing the structure of a
packet conversion circuit according to the invention.

[0040] FIG. 10 is a diagram illustrating packet conversion
conditions according to the invention.

[0041] FIG. 11 is a flow chart illustrating a packet trans-
mission process according to the invention.

[0042] FIG. 12 is a flow chart illustrating a packet recep-
tion/transfer process according to the invention.

[0043] FIG. 13 is a flow chart illustrating a process of
performing packet conversion of the invention to be
executed by CPU.

[0044] FIG. 14 is a diagram illustrating conversion of a
tagged packet into a basic packet for packet transfer accord-
ing to the invention.

[0045] FIG. 15 is a diagram illustrating conversion of a
basic packet into a tagged packet for packet transfer accord-
ing to the invention.

[0046] FIG. 16 is a diagram illustrating a process of
writing a tagged packet directly into a transfer FIFO for
packet transfer.

[0047] FIG. 17 is a diagram illustrating a process of
writing a basic packet directly into a transfer FIFO for
packet transfer.

[0048] FIG. 18 is a diagram illustrating a process of
writing a tagged packet into a reception FIFO for packet
transfer.

[0049] FIG. 19 is a diagram illustrating a process of
writing a basic packet into a reception FIFO for packet
transfer.

[0050] FIG. 20 is a block diagram showing the structure
of a packet conversion circuit according to the invention.
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[0051] FIG. 21 is a diagram illustrating the structure of
registers according to the invention.

[0052] FIG. 22 is a flow chart illustrating a packet trans-
mission/reception/transfer process according to the inven-
tion.

[0053] FIG. 23 is a diagram illustrating packet conversion
conditions for packet reception according to the invention.

[0054] FIG. 24 is a diagram illustrating packet conversion
conditions for packet transmission according to the inven-
tion.

[0055] FIG. 25 is a diagram illustrating a process of
writing a received packet into a reception FIFO.

[0056] FIG. 26 is a diagram illustrating processing a
packet transmitted from an Ethernet MAC for packet trans-
mission.

[0057] FIG. 27 is a diagram illustrating processing a
packet transmitted from an Ethernet MAC for packet trans-
mission.

[0058] FIGS. 28A and 28B are diagrams showing the
frame structures of a basic packet and a tagged packet
according to the invention.

[0059] FIG. 29 is a block diagram showing a communi-
cation network using a two-channel Ethernet communica-
tion apparatus according to the invention.

[0060] FIG. 30 is a block diagram showing a two-channel
Ethernet communication apparatus of the invention applied
to an IP phone system.

[0061] FIG. 31 is a block diagram showing the structure
of a two-channel Ethernet communication apparatus accord-
ing to another embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

[0062] Embodiments of the invention will be described
with reference to the accompanying drawings. The main

points of the invention will be described with reference to
FIGS. 1, 6, 8 and 30.

[0063] FIG. 1 is a block diagram showing the structure of
a packet communication apparatus according to an embodi-
ment of the invention, and FIG. 30 is a block diagram
showing a packet communication system in which the
packet communication apparatus of the invention is applied
to an IP phone. Referring to FIG. 30, speech between IP
phones 8000 is realized by transferring voice packets
obtained by converting voices into Ethernet packets. A
two-channel Ethernet communication apparatus (2 Channel
Ethernet) 800 which is a packet communication apparatus
built in the IP phone 8000 is provided with communication
paths (communication means) of two channels. The com-
munication paths of two channels are connected to Ethernet
cables 8204 and 820b via physical layer transceivers (PHY)
810a and 810b. The Ethernet cable 820a is connected to a
hub apparatus (HUB) 8100 connected to a wide area net-
work (WAN) such as the Internet and an intranet on the
upstream side, and connected via HUB 8100 and WAN to an
IP phone 80005 and a data center 8200 having home page
data on the downstream side. The Ethernet cable 8205 is
connected to a PC 830 on the downstream side which serves
as a downstream Ethernet communication apparatus. Each
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Ethernet cable 820a, 8205 can operate independently. Com-
munication between the IP phones 80002 and 80005 and
between PC 830 and data center 8200 can be realized by
transferring Ethernet packets (hereinafter simply called
packets) conforming to the standards IEEE 802.3 and
802.1Q over HUB 8100, IP phone 80002 and PC 830. In this
case, the two-channel Ethernet communication apparatus
800 in the IP phone 8000a has a function of transmitting/
receiving packets and transferring packets between the Eth-
ernet cables 8202 and 820b, so that communication is
possible between HUB 8100 and PC 830 via the two-
channel communication apparatus 800.

[0064] The IP phone 8000 has a function of transferring
packets between the Ethernet cables 820a and 8200 so that
PC 830 can transfer data packets such as home page data to
and from the data center 8200 via the IP phone 80002 and
HUB 8100.

[0065] WAN is a best effort type and when traffics are
congested, a packet transmission time becomes long. A
delay in the arrival of voice packets to be transferred to and
from the IP phone may cause pauses and noises in partner
voices received from the handset and the voices are difficult
to be listened at. Voice packets are flowed in WAN with a
priority over other packets by using packets with priority
information conforming with the standard IEEE 802.1Q
shown in FIG. 28B, so that the real time nature of voice
packet transfer can be improved and speech without any
stress can be realized. As compared to a basic Ethernet
packet conforming with the standard IEEE 802.3 shown in
FIG. 28A, the packet with priority information is longer by
4 bytes. Many Ethernet communication apparatuses can
transmit/receive this packet with priority information. It can
be easily anticipated that PC 830 on the upstream side of the
IP phone cannot receive this packet.

[0066] To avoid this, the two-channel Ethernet communi-
cation apparatus 800 built in the IP phone 80004 is provided
with a mechanism of converting the packet with priority
information shown in FIG. 28B into a basic packet shown
in FIG. 28A when the packet received from HUB 8100 is
transferred to PC 830.

[0067] The two-channel Ethernet communication appara-
tus 800 has means for checking whether PC 830 can receive
the packet with priority information. More specifically, the
two-channel Ethernet communication apparatus 800 trans-
mits a packet with priority information to PC 830 on the
downstream side. If PC 830 can transmit/receive a packet
with priority information, it sends back a response to the
received packet with priority information. The two-channel
Ethernet communication apparatus 800 judges that PC 830
can transmit/receive a packet with priority information, if
there is a response from the downstream device (PC 830).
On the other hand, if there is no response, the two-channel
Ethernet communication apparatus 800 judges that PC 830
cannot transmit/receive a packet with priority information
and conversion into a basic packet is necessary.

[0068] If packet conversion is necessary, the two-channel
Ethernet communication apparatus 800 itself converts the
packet with priority information received from HUB 8100
into a basic packet and transfers it to PC 830.

[0069] As shown in FIG. 1, the two-channel Ethernet
communication apparatus 800 is constituted of a CPU 1, a
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memory 2, a two-channel Ethernet communication module
4, and a bus 3 interconnecting these components. The
two-channel Ethernet communication module 4 is consti-
tuted of a bus interface (I/F) circuit 400, two buffers 100a
and 100b, two media access control circuits (MAC) 300a
and 3005 and a transfer judging circuit 200 having a packet
conversion circuit 250. MAC 300a is connected via PHY
810a to the Ethernet cable 820a and MAC 3005 is connected
via PHY 81056 to the Ethernet cable 820b. The buffer 100 is
constituted of a transmission FIFO 110, a reception FIFO
120 and a transfer FIFO 130. The transfer FIFO 130 is used
for transferring packets between MAC’s 3002 and 300b. As
shown in FIG. 6, in order to realize bidirectional packet
conversion, the transfer judging circuit 200 has two sets of
a selector 210, a control circuit 220, a register 230, a CAM
240 and a packet conversion circuit 250, which are con-
nected to a bus I/F circuit 400, the reception FIFO 110,
transmission FIFO 120 and transfer FIFO 130 in the buffer
100 as shown in FIG. 6.

[0070] The packet conversion circuit 250 converts the
packet with priority information into a basic packet or vice
versa in accordance with a mode set in the register 230 and
the contents of CAM 240. Conversion of a packet to be
transferred is performed in a closed manner within the
two-channel Ethernet communication module. The contents
set to the register 230 and CAM 240 as the default values
when a power is turned on indicate that the packet conver-
sion is not performed. In accordance with a program (refer
to FIG. 5) stored in the memory 2 and executed by CPU 1,
it is judged whether the downstream device can transmit/
receive a packet with priority information and settings of the
register 230 and CAM 240 are performed. These operations
can be performed in a closed manner within the two-channel
Ethernet communication apparatus 800 without any external
specific circuit.

[0071] As shown in FIG. 28, a difference between a
packet with priority information and a basic packet is a Qtag
of 4 bytes. The packet conversion circuit 250 drops only the
Qtag of a packet with priority information received by MAC
300 without loading it in the transfer FIFO 130 to realize
conversion into a basic packet.

[0072] As described earlier, CAM 240 is constituted of a
content addressable memory (or a RAM table) such as
shown in FIG. 8. CAM 240 stores information on whether
a packet with priority information is converted into a basic
packet for transfer, this information being provided for the
MAC address of each downstream device. In accordance
with a destination MAC address (DA field value in FIG. 28)
of a packet received at MAC 300, the packet conversion
circuit 250 checks CAM 240 to decide whether conversion
is to be performed or not, and if necessary, conversion is
performed.

[0073] The frame structures of a basic packet (FIG. 28A)
and a tagged packet (FIG. 28B) will be described.

[0074] As shown in FIG. 28B, the tagged packet is
constituted of: a preamble (PR) of 7 bytes indicating the
packet start; a start frame delimiter (SFD) of 1 byte; and six
frames including: a destination address (DA) frame of 6
bytes storing a destination MAC address; a source address
(SA) frame of 6 bytes storing a source MAC address; a Qtag
(IEEE 802.1Q tag) frame of 4 bytes storing Qtag informa-
tion; a data (Data) frame of 42 to 1500 bytes storing data; a
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length/type (L/T) frame of 2 bytes storing a data length or
data type in the Data frame; and a frame check sequence
(FCS) frame of 4 bytes storing a code indicating whether the
packet was correctly received. This tagged packet has a
packet length of 64 bytes to 1522 bytes.

[0075] The Qtag frame is constituted of a two-byte code
0x8100 (0x is a symbol for hexadecimal) indicating the Qtag
stipulated in IEEE 802.1Q and two-byte tag control infor-
mation (TCI) storing tag control information. TCI stores
priority order information and a LAN number to be used by
a virtual local area network (LAN). The detailed information
on TCI is described in the standard IEEE 802.1Q. In this
specification, the details of TCI are omitted because they are
not relevant to the invention.

[0076] The basic packet removing the Qtag frame from the
tagged packet is constituted of: a PR of 7 bytes; an SFD of
1 byte; and five frames: including a DA frame of 6 bytes; an
SA frame of 6 bytes; an L/T frame of 2 bytes; a Data frame
of 46 to 1500 bytes and an FCS frame of 4 bytes. The length
of the basic packet is 64 bytes to 1518 bytes. A difference
between the tagged packet and basic packet resides in only
the presence/absence of the Qtag frame. The Data frame of
the basic packet is 46 bytes which is longer than by 4 bytes
from that of the tagged packet, because the packet length is
defined to be 64 bytes or longer by the Ethernet Standard
IEEE 802.3.

[0077] The PR, SFD and FCS frames are used for cor-
rectly transmitting/receiving a packet on the Ethernet cable
and are not relevant to the Ethernet communication contents.
MAC’s 300a and 300b add these frames when a packet is
transmitted, and separate them when a packet is received.

[0078] The specific structure of the two-channel Ethernet
communication apparatus 800 will be described.

[0079] As shown in FIG. 1, the two-channel Ethernet
communication apparatus 800 is constituted of: a CPU 1
which is a packet generating and processing means for
generating a packet to be transmitted by each of a plurality
of communication means and processing the packet received
by each of the plurality of communication means; a memory
2; a two-channel Ethernet communication module (herein-
after called a two-channel communication module) 4; and a
bus 3 interconnecting these components. The two-channel
communication module 4 is constituted of: a bus interface
(I/F) circuit 400; two buffers 100a and 100b; a plurality of
communication means, in this embodiment, two media
access control circuits (MAC) 300z and 300b; and a transfer
judging circuit 200. MAC 300¢ is connected via PHY 810a
and Ethernet cable 8204 to a communication apparatus 830a
to transmit/receive a packet to/from the communication
apparatus 830a. Namely, MAC 300q is structured as com-
munication means for transmitting/receiving a packet
to/from the communication apparatus 830a as a communi-
cation object via PHY 8104 and Ethernet cable 820a.

[0080] MAC 3005 is connected via PHY 8105 and Eth-
ernet cable 82050 to a communication apparatus 830b to
transmit/receive a packet to/from the communication appa-
ratus 830b. Namely, MAC 3005 is structured as communi-
cation means for transmitting/receiving a packet to/from the
communication apparatus 830b as a communication object
via PHY 8106 and Ethernet cable 820b.

[0081] Packets to be transmitted/received by the plurality
of communication means, MAC’s 300a and 300b, are clas-
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sified into three packets, transmission, reception and transfer
packets. In order to avoid confusion, transmission/reception
of a packet by the two-channel Ethernet communication
apparatus 800 and two-channel communication module 4 is
called transmission (transmit), reception (receive) or trans-
mission/reception (transmit/receive), whereas transmission/
reception of a packet by the MAC’s 3004 and 3005 is called
sending (send), receiving (receive) or transfer.

[0082] As showing in FIG. 5, the memory 2 is constituted
of: a program 20a to be executed by CPU 1; a work area 20b
for storing the execution state of the program 20a; a trans-
mission descriptor 21a (21b) for storing a packet which is
transmitted by the 2-channel Ethernet communication appa-
ratus 800 to the Ethernet cable 820a (820b); and a reception
descriptor 22a (22b) for storing a packet received from the
Ethernet cable 820a (820b).

[0083] CPU 1 accesses via the bus 3 the memory 2 and
two-channel Ethernet communication apparatus 4, executes
the program 20g written in the memory 2, accesses the status
(register) of the two-channel Ethernet communication appa-
ratus 4, reads and processes the packet received and stored
in the reception descriptor 22a, 22b in the memory 2,
generates a transmission packet, and writes the generated
transmission packet in the transmission descriptor 21a, 21b
in the memory 2.

[0084] CPU 1 is structured as a packet generating and
processing means for generating transmission packets to be
sent by MAC 3004, 3005 and processing packets received
by MAC 300a, 3005.

[0085] FIG. 6 shows a specific structure of the bus I/F
circuit 400, buffer 1004, 1005 and transfer judging circuit
200. The bus I/F circuit 400 is constituted of an input/output
buffer 440, a selector 430, a control circuit 410 for control-
ling the input/output buffer 440 and selector 430, and
registers 420. The selector 430 selects a packet output from
a reception FIFO (First In First Out) 110a or 1106 of a buffer
100a or 1005, and outputs the selected packet to the input/
output buffer 440. The input/output buffer 440 outputs a
packet received from the bus 3 to transmission FIFO’s 120a
and 1206 of the buffers 100a and 100b. The control circuit
410 monitors the transmission descriptors 21a and 215 in the
memory 2. When a packet is registered in the transmission
descriptor 21a, 21b by CPU 1, the control circuit 410 sets an
input state to the input/output buffer 440 to transfer a packet
registered in the transmission descriptor 21a (215) to the
transmission FIFO 120a (120b) via the bus 3.

[0086] Similarly, when a packet is written in the reception
FIFO 1104, 1105, the control circuit 410 sets an output state
to the input/output buffer 440 to make the selector 430 select
a packet output from the reception FIFO 110a or 1100 to
transfer the selected packet to the reception descriptor 224 or
22b in the memory 2.

[0087] The buffer 100, 100b has the reception FIFO
110a, 1106 for temporarily storing a received packet, the
transmission FIFO 120a, 1205 for temporarily storing a
packet to be transmitted, and transfer FIFO 130a, 1305 for
transferring a packet to and from MAC 300a, 3005. The
transfer FIFO 1304, 13056 is structured as a transfer buffer
means for storing a transfer packet for information transfer
between the communication apparatuses 830a and 830b.
The transfer FIFO 130a stores a transfer packet to be
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transferred from the communication apparatus 830ga to the
communication apparatus 8305, and the transfer FIFO 1305
stores a transfer packet to be transferred from the commu-
nication apparatus 8305 to the communication apparatus
8304.

[0088] The transfer judging circuit 200 is constituted of:
selectors 210a and 210b; control circuits 220a and 2205 for
controlling the buffers 100a and 100b; registers 230a and
230b for storing the state of the transfer judging circuit 200;
CAM’s (Content Addressable Memories) 240a and 240b
structured as transfer packet conversion mode determining
means for storing judgment information on whether a packet
received by MAC 300a, 3005 is to be sent to the two-
channel Ethernet communication apparatus 800 or two-
channel communication module 4 or whether the packet is
sent to the other MAC 3004, 3005 and for setting a packet
conversion mode in accordance with the communication
objects at the source and destination of the transfer packet;
the selector 210a selecting a packet from either the trans-
mission FIFO 120g or the transfer FIFO 1305 and outputting
the selected packet to MAC 300ga; the selector 2105 select-
ing a packet from either the transmission FIFO 1205 or the
transfer FIFO 130a and outputting the selected packet to
MAC 300b; and packet conversion circuits 250a and 2505
for converting a basic packet into a tagged packet or vice
versa in order to transfer the packet received by MAC 300g,
300b.

[0089] As shown in FIG. 7, the register 230a, 230b is
constituted of four registers R2301, R2310, R2311 and
R2312. The register R2301 is used for setting a process
(receiving, transfer, receiving and transfer, drop) to be
executed when the destination MAC address of a packet
received by MAC 3004, 3005 is not yet registered in CAM
240a,240b. The registers R2310, R2311 and R2312 are used
for setting data related to packet conversion. The register
R2310 is a packet conversion mode register for setting a
packet conversion mode (Qtag insert, delete, transfer with-
out inserting or deleting Qtag) to be used when CPU 1 as a
packet generation means transfers a packet between MAC’s
3002 and 3005. The register R2311 is a register settable with
a Qtag value by CPU 1 when a Qtag frame with priority
information is added to a packet without priority information
and transferred to MAC 300. The register R2312 is used for
setting a two-byte code for detecting a Qtag frame (in this
example, 0x8100: hexadecimal notation). The register
R2310 in the register 230a is used for setting transfer from
MAC 300z to MAC 300b, and the register R2310 in the
register 230b is used for setting transfer from MAC 3005 to
MAC 300a.

[0090] A frame other than a Qtag frame can be inserted or
added because a code 0x8100 (hexadecimal notation) rep-
resentative of the Qtag frame is set to the register R2312 and
the code representative of the Qtag frame is set to the
register R2311. If only the Qtag is used, 0x8100 in the
registers R2311 and R2312 may be replaced with a fixed
value and CPU 1 is made not accessible to the value.

[0091] CAM 240q, 240b is a special memory called a
content addressable memory. As shown in FIG. 8, each
entry has a MAC address, corresponding process informa-
tion including receive, transfer, receive & transfer, and drop,
and a work area. As a MAC address is input, the process
information in the entry having the same MAC address is
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output. The work area is used when CPU 1 updates the entry.
If there are a plurality of MAC addresses same as the input
MAC address, the process information of the entry having
the smallest index number is output. CPU 1 sets or updates
each entry of CAM 240a, 240b.

[0092] CAM 240a, 240b constructed as above is used
whether a packet at MAC 300a, 3000 is received, trans-
ferred, received & transferred, or dropped relative to the
packet destination MAC address.

[0093] In a communication system shown in FIG. 2, a
MAC address unique to each apparatus is set to each of the
communication systems 830a and 8305 and the two-channel
Ethernet communication apparatus 800. Each communica-
tion apparatus generates a packet by using the destination
MAC address of the apparatus to which the packet is
transmitted. CAM 240qa, 240b can set reception/transfer in
accordance with the destination MAC address.

[0094] For example, when a MAC address of the index 0
is input to the two-channel Ethernet communication appa-
ratus 800, it is judged that this packet is transferred to the
communication apparatus 830a or 830b. If a packet has a
MAC address corresponding to the index N, it is judged that
the packet is received by the two-channel communication
apparatus 800. If there is no entry having the same MAC
address, the register R2301 determines receive, transfer,
receive & transfer, or drop.

[0095] Inthis embodiment, there are two CAM’s 2404 and
240b to be used for setting receive, transfer, receive &
transfer or drop for a packet received at MAC 3004, 300b.
These MAC’s may be a single MAC 240.

[0096] As shown in FIG. 9, the packet conversion circuit
250a, 250b is constituted of a buffer 2510 and a counter
2520. The buffer 2510 temporarily stores a portion of a
packet received at MAC 300a, 300b when the packet is
stored in the reception FIFO 110ga, 110b or transfer FIFO
130a, 130b.

[0097] The counter 2520 counts a packet received at MAC
3004, 3005 in the unit of byte. The counter 2520 is used for
dividing a basic packet or tagged packet shown in FIG. 18
into frames, checking whether the Qtag frame is present, and
inserting or delating the Qtag frame for packet conversion.

[0098] In the transfer judging circuit 200 constructed as
above, when the control circuit (220a (220b) as the transfer
control means judges that a reception packet received at
MAC 300a (3005 ) is a transfer packet, this reception packet
is output to the transfer FIFO 130a (1305), to MAC 3004
(3000 ) corresponding to the Ethernet communication appa-
ratus 830a (830b) as the communication object at the
destination of the transmission packet generated by CPU 1,
and to MAC 3004 (300b) corresponding to the Ethernet
communication apparatus 830a (830b) at the destination of
the transfer packet held in the transfer FIFO 130a (1305).
More specifically, the control circuit 220a (220b) inquires
CAM 240a (240b ) to determine receive, transfer, receive &
transfer or drop of the packet received at MAC 300a (3000).
If the packet received at MAC 300a (300D) is to be received,
the packet is written in the reception FIFO 110a (110b), if
the packet is to be transferred, it is written in the transfer
FIFO 130a (130b), if the packet is to be received and
transferred, it is written in both the reception FIFO 110a
(110b) and transfer FIFO 130a (130b). If the packet is to be
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dropped, it is dropped without writing it in the reception
FIFO 110a (110b) and transfer FIFO 130a (1300).

[0099] In accordance with the set values of the registers
R2310 in the register 230a (230b) and the table shown in
FIG. 10, when a packet is to be written in the transfer FIFO
130a, 130D, the control circuit 220a (220b) checks each
frame of the packet by using the counter 2520. If a tagged
packet is to be converted into a basic packet, the Qtag frame
is not written in the transfer FIFO, whereas if a basic packet
is to be converted into the tagged packet, the Qtag frame is
inserted and written in the transfer FIFO.

[0100] Packet conversion can be performed at the same
time when the packet received at MAC 3004, 3005 is written
in the transfer FIFO 130a, 130b. An overhead for packet
conversion can be made zero. As the Qtag value of the Qtag
frame to be inserted when a basic packet is converted into a
tagged packet, the Qtag value set to the register R2311 is
used.

[0101] The control circuit 220a, 220b sclects one of the
selectors 210a and 210b to make MAC 3004z, 3005 send a
packet stored in the transmission FIFO 120aq, 1205 or a
packet stored in the transfer FIFO 130a, 130b.

[0102] Next, with reference to FIG. 11, a packet trans-
mission process will be described. In transmitting a packet
from the two-channel Ethernet communication apparatus
800 and two-channel communication module 4, CPU 1
activates the two-channel communication module 4. The
two-channel communication module 4 reads a transmission
packet from the transmission descriptor 21a (21b) in the
memory 2 under the control of the control circuit 410 of the
bus I/F circuit 400, and writes the packet data in the
transmission FIFO 1204 (120b). This packet is read from the
transmission FIFO 120z (120b) and transmitted to the
Ethernet cable 820a (820b).

[0103] In the packet reception and transfer process, as
shown in FIG. 12, as MAC 3004 (300b) receives the packet,
the transfer judging circuit 200 checks the destination MAC
address of the packet and checks by using CAM 2404 (240b)
whether the packet is received or transferred. If it is judged
that the packet is to be received, the packet is written in the
reception FIFO 110a (110b). The bus I/F circuit 400 reads
the packet from the reception FIFO 110a (110b) and writes
it in the reception descriptor 22a (22b) in the memory 2 via
the bus 3.

[0104] If the packet is to be transferred, the transfer
judging circuit 200 judges whether the packet received at
MAC 300a (3000) is to be converted. If necessary, the
packet is converted and written in the transfer FIFO 130a
(1305). MAC 3005 (300a) reads the packet from the transfer
FIFO 130a (130b) and sends it to the Ethernet cable 8205
(82040).

[0105] If the packet conversion circuit 250 does not exist
and CPU 1 performs packet conversion, a packet to be
transferred without packet conversion is transferred by using
the transfer FIFO 1301 (1305) as shown in FIG. 12. As
shown in FIG. 13, a packet to be transferred with packet
conversion is added with information that the packet is a
transfer packet necessary for packet conversion, by using the
reception FIFO 1104 (110b), and then written in the recep-
tion descriptor 224 (22b) in the memory 1. CPU 1 reads the
packet from the reception descriptor 22a (22b), performs
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packet conversion, writes the converted packet in the trans-
mission descriptor 21a (21b), and activates the two-channel
communication module 4. In this case, CPU 1 only adds or
deletes the Qtag frame and will not change other frames of
the packet.

[0106] The two-channel communication module 4 reads
the converted packet from the transmission descriptor 21a
(21b) and writes it in the transmission FIFO 120a (1205).
MAC 3004 (300b) reads the packet from the transmission
FIFO 120a (120b) and sends it to the Ethernet cable 820a
(8200).

[0107] The number of motions of the packet is six, MAC
300—reception FIFO 110—reception descriptor 22—=pro-
cess by CPU 1—transmission descriptor 21—transmission
FIFO 120—-MAC 300 so that there is a large overhead.
Packet conversion by CPU 1 is necessary so that if the
number of packets to be transferred with packet conversion
becomes large, a CPU load becomes large and packet
conversion becomes impossible. A process to be performed
for a packet to be received is therefore delayed. A flow
control is therefore required to be activated, and the packet
to be transferred and the received packet are dropped. When
there is a dropped packet, a packet retransmission request
occurs so that an efficiency of Ethernet lowers and a process
ability of CPU itself is degraded.

[0108] Inthe present invention, the transfer judging circuit
200 processes both a packet to be transferred without packet
conversion and a packet to be transferred with packet
conversion to realize a zero load of CPU for the transfer
process. At the same time when a packet received at MAC
3004 (3000) is written in the transfer FIFO 130a (130b),
packet conversion is performed to realize a zero overhead of
transfer with packet conversion.

[0109] A conversion process to be performed by the
transfer judging circuit 200 of this embodiment when a
packet is transferred will be described with reference to
FIGS. 14 to 18. FIG. 14 illustrates a procedure of converting
a tagged packet into a basic packet. A packet to be sent or
received by MAC 300¢ is processed by using the selector
210a, control circuit 220a, register 230a, CAM 240a and
packet conversion circuit 250a, whereas a packet to be sent
or received by MAC 3006 is processed by using the selector
210b, control circuit 220b, register 230b, CAM 2405 and
packet conversion circuit 250b. In the following the suffixes
a and b are omitted.

[0110] (a) As MAC 300 starts receiving a packet, the
packet data is sequentially sent to a buffer 2510. In response
to this, the control circuit 220 resets the count of the counter
2520 to 0 and activates it. The counter 2520 counts the total
byte of the packet data sent from MAC 300. When the
counter 2520 counts 6 bytes which are the DA frame length,
a destination address in the DA frame is inquired to CAM
240. From the inquiry results and the value of the register
R2301 in the register 230, it is judged whether the frame is
received, transferred, received and transferred, or dropped.
In accordance with this judgement, the write destination of
the packet is determined. The write destination is the recep-
tion FIFO for receive, the transfer FIFO for transfer, the
reception FIFO and transfer FIFO for receive & transfer, and
no write destination for drop. In the example shown in FIG.
14, the transfer FIFO is shown for transfer or receive &
transfer.
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[0111] (b) The control circuit 220 writes the DA frame into
the transfer FIFO 130 and an SA frame entering the buffer
2510 also into the transfer FIFO 130. When the count
becomes 12 bytes, a Qtag frame enters the buffer 2510.
When the counter becomes 14 bytes, by using this 2-byte,
the control circuit judges whether the frame next to the SA
frame is a Qtag frame (tagged packet) or an L/T frame (basic
packet). If the 2-byte is 0x8100 (hexadecimal notation) set
to the register R2312, it is judged that the frame is the Qtag
frame, and if the 2-byte is a different value, it is judged that
the frame is the I/T frame. In the example shown in FIG.
14, the Qtag frame enters so that the control circuit 209
judges that the packet received by MAC 300 is the tagged
packet.

[0112] (c) The control circuit 220 judges from the contents
of the register R2310 in the register 230 shown in FIG. 10
whether packet conversion is required for transfer. In this
case, since the packet conversion into a basic packet is
necessary, the control circuit 220 skips writing 4 bytes of the
Qtag frame into the transfer FIFO 130 to drop-the Qtag
frame.

[0113] (d) When the count reaches 16 bytes, the next
frames are the L/T frame and Data frame. The control circuit
220 writes the data in the buffer 2510 into the transfer FIFO
130. The last FCS frame is used for judging whether the
packet received at MAC 300 is correct, and is not transferred
to the buffer 2510.

[0114] Therefore, of the frames constituting the packet
received at MAC 300, only four frames including DA, SA,
L/T and Data are written in the transfer FIFO 130.

[0115] With the above procedure, the tagged packet
received at MAC 300 is converted into a basic packet while
the frames are written in the transfer FIFO 130, with a zero
overhead.

[0116] Next, with reference to FIG. 15, a procedure of
converting a basic packet into a tagged packet will be
described.

[0117] (a) As MAC 300 starts receiving a packet, the
control circuit 220 resets the count of the counter 2520 to 0
and activates it. Similar to FIG. 14, when the counter 2520
counts 6 bytes, the destination MAC address is inquired to
CAM 240 to determine a write destination FIFO. In the
example shown in FIG. 15, the transfer FIFO for transfer or
receive & transfer is used. (b) The control circuit 220 writes
the DA frame in the buffer 2510 into the transfer FIFO 130
and the next SA frame also into the transfer FIFO 130. When
the count becomes 12 bytes, the L/T frame enters the buffer
2510.

[0118] When the counter becomes 14 bytes, by using this
2-byte, the control circuit 220 judges that the frame is the
L/T frame and the packet received at MAC 300 is a basic
packet.

[0119] (c) The control circuit 220 judges from the contents
of the register R2310 that the packet conversion into a
tagged packet is necessary, and writes the Qtag value set in
the register R2511 into the transfer FIFO 130 to perform a
process of inserting the Qtag frame.

[0120] (d) After the control circuit 220 writes the L/T
frame in the buffer 2510, it writes the Data frame also in the
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transfer FIFO 130. In this manner, a tagged packet with the
inserted Qtag frame is written in the transfer FIFO 130.

[0121] With the above-described procedure, the basic
packet received at MAC 300 is converted into the tagged
packet while the frames are written in the transfer FIFO 130,
with a zero overhead.

[0122] FIGS. 16 and 17 illustrate the operation of trans-
ferring a tagged frame and a basic packet without any packet
conversion.

[0123] (a) As MAC 300 starts receiving a packet, the
control circuit 220 resets the count of the counter 2520 to 0
and activates it. Similar to FIGS. 14 and 15, when the
counter 2520 counts 6 bytes, the control circuit 220 inquires
the destination MAC address to CAM 240 to determine a
write destination FIFO. In the examples shown in FIGS. 16
and 17, the transfer FIFO for transfer or receive & transfer
is used.

[0124] (b) The control circuit 220 writes the DA frame in
the buffer 2510 into the transfer FIFO 130 and the next SA
frame also into the transfer FIFO 130. When the count
becomes 12 bytes, the Qtag frame (L/T frame) enters the
buffer 2510.

[0125] When the counter becomes 14 bytes, by using this
2-byte, the control circuit 220 judges that the frame is the
Qtag frame (L/T frame) and the packet received at MAC 300
is a tagged packet (basic packet).

[0126] Next, the control circuit 220 judges from the con-
tents of the register R2310 that the packet conversion is not
necessary, and writes the Qtag frame, L/T frame and Data
frame (L/T frame and Data frame) into the transfer FIFO
130.

[0127] With the above-described procedure, the packet
received at MAC 300 is written into the transfer FIFO 130
without any packet conversion.

[0128] In receiving a packet, the packet received at MAC
3004 (300b) is written in the reception FIFO 110a (1105).
When a packet is received, packet conversion is not per-
formed, so that the operation same as that shown in FIGS.
16 and 17 is performed, with the write destination being
changed from the transfer FIFO 130 to the reception FIFO
110.

[0129] As described above, the transfer judging circuit
200 can realize packet conversion (tagged packet—basic
packet, basic packet—tagged packet) for transfer without
any load on CPU and with a zero overhead of packet
conversion.

[0130] Next, another embodiment of packet conversion
will be described. In this embodiment, when a basic packet
received at MAC 300a, 300b is converted into a tagged
packet and written in the transfer FIFO 130a, 1305, the Qtag
value to be inserted is determined in accordance with a
source MAC address or a destination MAC address of the
basic packet. The structure of the two-channel Ethernet
communication apparatus 800 and two-channel communi-
cation module 4 is the same as that of the previously
described embodiment shown in FIGS. 1 and 5. Different
points are only the registers 230a and 2305 and packet
conversion circuit 250 and the operation of the transfer
judging circuit 200.
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[0131] As shown in FIG. 20, the register 230a, 230b has
two new registers R2313 in addition to the registers R2301,
R2310, R2311 and R2312 used in the previously described
embodiment (FIG. 9). The register R2313 is used for setting
which one of the source and destination MAC addresses is
used for inquiry to CAM 2530 in order to obtain a packet
conversion mode and the Qtag value to be inserted for
packet conversion from a basic packet into a tagged packet
for the packet transfer between MAC’s 300a and 300b. The
packet conversion mode set to the register R1310 and the
Qtag value to be inserted and set to the register R2311 are
used when the source or destination MAC address of the
packet set to the register R2313 is not registered in CAM
2530 or Qtag information registered in CAM 2530 is invalid.

[0132] The structure of the packet conversion circuit 250
is shown in FIG. 21. The packet conversion circuit 250 is
constituted of the buffer 2510, counter 2520 and CAM 2530.
The buffer 2510 temporarily stores a portion of a packet
received at MAC 3004, 3005 when the packet is stored in
one or both of the reception FIFO 1104, 1105 or transfer
FIFO 1304, 130b. The counter 2520 counts the number of
bytes of the packet in the buffer 2510. By using the count of
the counter 2520, the transfer control circuit 220z, 2205
analyzes the frame structure of a packet received at MAC
3004, 30056 to judge whether the packet is a basic packet or
a tagged packet, to skip a Qtag frame write operation for
packet conversion from the basic packet into the tagged
packet, and to detect an insertion point of the Qtag frame and
insert this frame for packet conversion from the tagged
packet into the basic packet.

[0133] CAM 2530 is a special memory called a content
addressable memory. As shown in FIG. 22, each entry has:
a MAC address; corresponding packet conversion informa-
tion (conversion from a basic packet into a tagged packet,
conversion from a tagged packet into a basic packet, transfer
without packet conversion, in conformity with the settings in
the register R2310), Qtag information (a V bit representative
of whether the Qtag value is valid, and a Qtag value itself)
set to the Qtag frame and inserted when a basic packet is
converted into a tagged packet; and a work area. As a MAC
address is input, the information in the entry having the same
MAC address as the input MAC address is output. The work
area is used when CPU 1 updates the entry.

[0134] If there are a plurality of MAC addresses same as
the input MAC address, the information in the entry having
the smallest index number is output. CPU 1 sets or updates
each entry of CAM 2530.

[0135] A conversion process to be performed by the
transfer judging circuit 200 when a packet is transferred will
be described with reference to FIG. 12. A packet to be sent
or received by MAC 3004 is processed by using the selector
210a, control circuit 2204, register 230a, CAM 240a and
packet conversion circuit 250a, whereas a packet to be sent
or received by MAC 3005 is processed by using the selector
210b, control circuit 220b, register 230b, CAM 2405 and
packet conversion circuit 250b. In the following the suffixes
a and b are omitted.

[0136] (a) As MAC 300 starts receiving a packet, the
packet data is sequentially sent to a buffer 2510. In response
to this, the control circuit 220 resets the count of the counter
2520 to 0 and activates it. The counter 2520 counts the total
byte of the packet data sent from MAC 300. When the
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counter 2520 counts 6 bytes which are the DA frame length,
a destination MAC address in the DA frame is inquired to
CAM 240. From the inquiry results and the value of the
register R2301 in the register 230, it is judged whether the
frame is received, transferred, received and transferred, or
dropped. In accordance with this judgement, the write
destination of the packet is determined. The write destina-
tion is the reception FIFO 110 for receive, the transfer FIFO
130 for transfer, the reception FIFO 110 and transfer FIFO
130 for receive & transfer, and no write destination for drop.

[0137] (b) When the control circuit 220 judges at (a) that
the packet is transferred, or received & transferred, it judges
from the value of the register R2313 which one of the
destination and source MAC addresses is used for the
inquiry to CAM 2530, in order to obtain the packet transfer
mode and the Qtag value to be inserted from the value of the
register R2313. If the destination MAC address is to be used,
CAM 2530 is inquired by using the destination MAC
address in the DA frame, and in accordance with the inquiry
results and the value of the register R2310, the packet
conversion mode is determined, and in accordance with the
inquiry results of CAM 2530 and the value of the register
R2311, the Qtag value to be inserted is determined. The DA
frame is written in the transfer FIFO 130 and the next SA
frame is also written in the transfer FIFO 130. If CAM 2530
is inquired by using the source MAC address in accordance
with the value of the register 2313, the DA frame is written
in the transfer FIFO 130 and the control circuit 220 waits for
the next SA frame to be entered in the buffer 2510. When the
count of the counter 2520 reaches 12 bytes, the control
circuit 220 inquires CAM 2530 by using the source MAC
address held in the SA frame, and in accordance with the
inquiry results and the values of the registers R2310 and
R2311, the packet conversion mode and Qtag value to be
inserted are determined and the SA frame is written in the
transfer FIFO 130.

[0138] The packet conversion mode includes three modes,
a tagged packet conversion mode, a basic packet conversion
mode and a transfer mode without packet conversion.

[0139] (c) Next, a Qtag frame enters the buffer 2510 if the
packet is the tagged packet, or an L/T frame enters the buffer
2510 if the packet is the basic packet. When the count of the
counter 2520 reaches 14 bytes and if the 2-byte is 0x8100
(hexadecimal notation) set to the register R2312, it is judged
that the next frame is the Qtag frame. If the 2-byte is a
different value, it is judged that the next frame is the L/T
frame. If the judgement is the Qtag frame, it is judged that
the packet is the tagged packet, whereas if the judgment if
the L/T frame, it is judged that the packet is the general
frame. In accordance with this judgement, the control circuit
220 determines the packet conversion contents (transfer
without packet conversion, transfer with conversion into a
basic packet, transfer with conversion into a tagged packet)
shown in FIG. 10 by using the packet type and the packet
conversion mode determined at (b).

[0140] (d-1: transfer without conversion) If the packet is
the tagged packet, the control circuit 220 sequentially writes
the Qtag frame in the buffer 2510, the L/T frame next
entering the buffer 2510 and then the Data frame into the
transfer FIFO 130. If the packet is the basic packet, the
control circuit 220 sequentially writes the L/T frame in the
buffer 2510 and the Data frame next entering the buffer 2510
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into the transfer FIFO 130. In this manner, the packet
received at MAC 300 is written in the transfer FIFO 130
without packet conversion.

[0141] (d-2:transfer with conversion into the basic packet)
The packet is the tagged packet. The control circuit 220
drops the Qtag frame including 2-byte in the buffer 2510 by
skipping a write operation into the transfer FIFO 130, until
the count of the counter 2520 reaches 16 bytes. The control
circuit 220 writes the L/T frame next entering the buffer
2510 and the Data frame into the transfer FIFO 130. In this
manner, the tagged packet received at MAC 300 is converted
into the basic packet with only the Qtag frame being dropped
and the basic packet is written in the transfer FIFO 130.

[0142] (d-3: transfer with conversion into the tagged
packet) This packet is the basic packet. The control circuit
220 writes the Qtag frame having the Qtag value judged at
(b) into the transfer FIFO 130. The Data frame next entering
the buffer 2510 including the 2-byte in the buffer 2510 is
written in the transfer FIFO 130. In this manner, the basic
packet received as MAC 300 is converted into the tagged
packet which is written in the transfer FIFO 130, the tagged
packet having the inserted Qtag frame having the Qtag value
determined by CAM 2530 and the register R2311.

[0143] If it is judged at (a) to be received or received &
transferred, each frame entering the buffer 2510 is directly
written in the reception FIFO 110 to write the packet itself
received at MAC 300 into the reception FIFO 110.

[0144] As described above, it is possible to set the packet
conversion mode and the Qtag value to be inserted when the
packet is converted into the tagged packet, in accordance
with the source or destination MAC address of the packet
received at MAC 300a, 300b.

[0145] Lastly, another embodiment of the packet conver-
sion method will be described. In this embodiment, the
packet conversion circuit 200 converts a packet to be
received at the packet communication apparatus 800 into a
basic packet, converts a packet to be transmitted from the
packet communication apparatus 800 into a tagged packet,
and converts a packet to be transferred. Even if the packet
generating and processing program to be executed by CPU
1 cannot generate and process the tagged packet, the packet
communication apparatus 800 realize the transmission,
reception and transfer of the tagged packet.

[0146] The structure of the two-channel Ethernet commu-
nication apparatus 800 and two-channel communication
module 4 is the same as that of the embodiment shown in
FIGS. 1 and 5. Different points are only the packet con-
version circuit 250 and the operation of the transfer judging
circuit 200.

[0147] The packet conversion circuit 250 converts a
packet received at MAC 300a, 3005 into a basic packet
when it is written in the reception FIFO 110, and when MAC
3004, 300b reads a packet in the transmission FIFO 120 or
transfer FIFO 130 to send it, converts the packet into a basic
packet or a tagged packet. In this manner, the packet
conversion circuit 250 performs packet conversion irrespec-
tive of whether the packet is read from either the transmis-
sion FIFO 120 or the transfer FIFO 130. The structure of the
packet conversion circuit 250 is shown in FIG. 24. The
packet conversion circuit 250 is constituted of buffers
2510-1 and 2510-2, counters 2520-1 and 2520-2 and CAM’s
2530-1 and 2530-2.
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[0148] As shown in FIG. 23, the register 230a, 230b has
two new registers R2314 and R2315 in addition to the five
registers R2301, R2310 to R2313 used in the embodiment
(FIG. 20). The register R2315 is used for setting which one
of the source and destination addresses is used to inquire
CAM 2530-1 and obtain the receiving packet conversion
mode when the packet received at MAC 300a, 3005 is
written in the reception FIFO 1104, 110b. The register
R2314 is used for setting the receiving packet conversion
mode if the source or destination MAC address of the packet
set by the register R2315 is not yet registered in CAM 2530.

[0149] The registers R2310 to 2312 are all used for setting
packet conversion of a packet to be sent from MAC 300g,
300b. The registers R2310 and R2311 are used for setting a
default sending packet conversion mode (tagged packet
sending mode, basic packet sending mode, sending mode
without conversion) for a packet to be sent from MAC 3004,
3006 and for setting the default Qtag value to be inserted.

[0150] Next, the packet conversion circuit 250 will be
described.

[0151] The symbols in the packet conversion circuit 250a
are added with a suffix a, and the symbols in the packet
conversion circuit 2505 are added with a suffix b. The buffer
2510-1a (2510-1b) is used for temporarily storing a portion
of a packet received at MAC 300a (3005 ) when the packet
is written in one of or both the reception FIFO 1104 (1100)
and transfer FIFO 130a (1305). The buffer 2510-24 (2510-
2b) is used for temporarily storing a portion of a packet held
in the transmission FIFO 120a (120b) or transfer FIFO 130b
(130a) when the packet is output to MAC 300a (300b). The
counter 2520-1a (2520-1b) counts the number of bytes of
the packet received at MAC 300¢ (300b) and loaded in the
buffer 2510-1a (2510-1b). The counter 2510-2a (2510-2b)
counts the number of bytes of the packet held in the
transmission FIFO 120a (1205) or transfer FIFO 130b
(130a) and loaded in the buffer 2510-2a (2510-2b).

[0152] The structure of CAM’s 2530-1a, 2530-1b, 2530-
2a and 2530-2) is the same as the previously described
embodiment (FIG. 22). CAM 2530-1a, 2530-1b outputs a
packet conversion mode to the source or destination MAC
address of a packet received at MAC 300a, 300b when the
packet is received, and CAM 2530-24, 2530-2b outputs the
packet conversion mode and Qtag information to be
inserted, to the source or destination MAC address of a
packet to be sent from MAC 300a, 3005.

[0153] The received packet conversion mode for packet
conversion to be performed when a packet received at MAC
3004, 300) is written in the reception FIFO 120 is deter-
mined in the following manner.

[0154] In the received packet conversion mode, if the
source or destination MAC address of the packet set by the
register R2315 is already registered in CAM 2530-1, the
registered received packet conversion mode (receiving with
conversion into a basic packet, receiving without conver-
sion) is adopted. If the MAC address is not registered, the
receiving packet conversion mode set by the register R2314
is adopted.

[0155] The sending packet conversion mode and Qtag
value for the packet to be sent by MAC 300a, 3006 is
determined in the following manner.
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[0156] In the packet conversion mode, if the source or
destination MAC address of the packet set by the register
R2313 is already registered in CAM 2530-2, the registered
sending packet conversion mode (sending with conversion
into a basic packet, sending with conversion into a tagged
packet, sending without conversion) is adopted. If the MAC
address is not registered, the sending packet conversion
mode set by the register R2310 is adopted.

[0157] If the source or destination MAC address of the
packet set by the register R2313 is already registered in
CAM 2530-2 and if the registered Qtag information is valid,
the Qtag value set as Qtag information is adopted as the Qtag
value to be inserted. In other cases (if the Qtag information
is invalid or if the MAC address is not registered in CAM
2530), the Qtag value set by the register R2313 is used.

[0158] CPU 1 sets the contents of the register 230a, 2305
and sets and updates each entry of the packet conversion
circuit 250a, 2505.

[0159] The packet receiving and sending operations of the
transfer judging circuit 200 of this embodiment will be
described with reference to FIG. 25. A packet to be sent or
received by MAC 300¢ is processed by using the selector
210a, control circuit 2204, register 230a, CAM 240a and
packet conversion circuit 250a, whereas a packet to be sent
or received by MAC 3005 is processed by using the selector
210b, control circuit 220b, register 230b, CAM 2405 and
packet conversion circuit 250b. In the following the suffixes
a and b are omitted.

[0160] First, a packet receiving process will be described.

[0161] (a) As MAC 300 starts receiving a packet, the
packet data is sequentially sent to the buffer 2510-1. In
response to this, the control circuit 220a resets the count of
the counter 2520-1 to 0 and activates it. The counter 2520-1
counts the total byte of the packet data sent from MAC 300.
When the counter 2520-1 counts 6 bytes which are the DA
frame length, a destination MAC address in the DA frame is
inquired to CAM 240. From the inquiry results and the value
of the register R2301 in the register 230, it is judged whether
the frame is received, transferred, received and transferred,
or dropped. In accordance with this judgement, the write
destination of the packet is determined. The write destina-
tion is the reception FIFO 110 for receive, the transfer FIFO
130 for transfer, the reception FIFO 110 and transfer FIFO
130 for receive & transfer, and no write destination for drop.

[0162] (b) When the control circuit 220 judges at (a) that
the packet is received, or received & transferred, it judges
from the value of the register R2315 which one of the
destination and source MAC addresses is used for the
inquiry to CAM 2530-1, in order to obtain the packet
conversion receiving mode to be used when the packet is
written in the reception FIFO 110. If the destination MAC
address is to be used, CAM 2530-1 is inquired by using the
destination MAC address in the DA frame, and in accor-
dance with the inquiry results and the value of the register
R2314, the packet conversion mode for the packet is deter-
mined. The DA frame is written in the reception FIFO 110,
and the next SA frame is also written in the reception FIFO
110.

[0163] If it is judged from the value of the register 2315
that CAM 2530-1 is inquired by using the source MAC
address, the DA frame is written in the reception FIFO 110,
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and the control circuit 220 waits for the next SA frame to be
entered in the buffer 2510-1. When the count of the counter
2520-1 reaches 12 bytes, the control circuit 220 inquires
CAM 2530-1 by using the source MAC address held in the
SA frame. From the inquiry results and the value of the
register R2314, the packet conversion mode for the packet
is determined, and the SA frame is written in the reception
FIFO 110.

[0164] The packet conversion reception mode to be deter-
mined includes two modes, a basic packet conversion
receiving mode and a receiving mode without conversion.

[0165] (c) Next, a Qtag frame enters the buffer 2510-1 if
the packet is the tagged packet, or an L/T frame enters the
buffer 2510-1 if the packet is the basic packet. When the
count of the counter 2520-1 reaches 14 bytes and if the
2-byte is 0x8100 (hexadecimal notation) set to the register
R2312, it is judged that the next frame is the Qtag frame. If
the 2-byte is a different value, it is judged that the next frame
is the L/T frame. If the judgement is the Qtag frame, it is
judged that the packet is the tagged packet, whereas if the
judgment is the L/T frame, it is judged that the packet is the
general frame. If the judgement is the tagged frame, it can
be known that the packet is the tagged packet, whereas if the
judgement is the L/T frame, it can be known that the packet
is the general frame. In accordance with this judgement, the
control circuit 220 determines the packet conversion con-
tents (receiving without packet conversion, receiving with
conversion into a basic packet) shown in FIG. 26 by using
the packet type and the receiving packet conversion mode
determined at (b).

[0166] (d-1: transfer without conversion) If the packet is
the tagged packet, the control circuit 220 sequentially writes
the Qtag frame in the buffer 2510-1, the L/T frame next
entering the buffer 2510-1 and then the Data frame into the
reception FIFO 110. If the packet is the basic packet, the
control circuit 220 sequentially writes the L/T frame in the
buffer 2510-1 and the Data frame next entering the buffer
2510-1 into the reception FIFO 130. In this manner, the
packet received at MAC 300 is written in the reception FIFO
110 without packet conversion.

[0167] (d-2: transfer with conversion into the basic packet)
The packet is the tagged packet. The control circuit 220
drops the Qtag frame including 2-byte in the buffer 2510-1
by skipping a write operation into the reception FIFO 110,
until the count of the counter 2520-1 reaches 16 bytes. The
control circuit 220 writes the L/T frame next entering the
buffer 2510-1 and the Data frame into the reception FIFO
110. In this manner, the tagged packet received at MAC 300
is converted into the basic packet with only the Qtag frame
being dropped and the basic packet is written in the recep-
tion FIFO 110.

[0168] Ifitis judged at (a) that the packet is transferred or
received & transferred, each frame entering the buffer
2510-1 is written in the transfer FIFO 130 without packet
conversion to write the packet received at MAC 300 into the
transfer FIFO 130 without packet conversion.

[0169] Next, the packet sending process will be described.

[0170] (a) After a packet is written in the transmission
FIFO 120 or transfer FIFO 130, the control circuit 220 resets
the count of the counter 2520-2 to O and initializes it, and
makes the selector 210 select a packet in either the trans-
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mission FIFO 120 or transfer FIFO 130 to thereafter start
writing the read packet data in the buffer 2510-2. The
counter 2520-2 counts the number of bytes of the packet data
sent from the transmission FIFO 120 or transfer FIFO 130.

[0171] (b) When the counter 2520-2 counts 6 bytes which
are the DA frame length and the control circuit 220 judges
that the packet is transferred or received & transferred, the
control circuit 220 judges from the value of the register
R2313 which one of the destination and source MAC
addresses is used for the inquiry to CAM 2530-2, in order to
obtain the packet conversion sending mode for packet
sending and the Qtag value to be inserted. If the destination
MAC address is to be used, CAM 2530-2 is inquired by
using the destination MAC address in the DA frame, and in
accordance with the inquiry results and the value of the
register R2310, the sending packet conversion mode for the
packet is determined. The Qtag value to be inserted is
determined from the inquiry results of CAM 2530-2 and the
value of the register R2311, the DA frame is sent to MAC
300 and the next SA frame is also sent to MAC 300.

[0172] If it is judged from the value of the register 2313
that CAM 2530-2 is inquired by using the source MAC
address, the DA frame is sent to MAC 300, and the control
circuit 220 waits for the next SA frame to be entered in the
buffer 2510-2. When the count of the counter 2520-2 reaches
12 bytes, the control circuit 220 inquires CAM 2530-2 by
using the source MAC address held in the SA frame. From
the inquiry results and the values of the registers R2310 and
R2311, the packet conversion mode for the packet and the
Qtag value to be inserted are determined, and the SA frame
is sent to MAC 300. The packet conversion mode to be
determined includes three modes, a tagged packet conver-
sion mode, conversion to basic packet and receipt and
receipt with no conversion.

[0173] (c) Next, a Qtag frame enters the buffer 2510-2 if
the packet is the tagged packet, or an L/T frame enters the
buffer 2510-2 if the packet is the basic packet. When the
count of the counter 2520-2 reaches 14 bytes and if the
2-byte is 0x8100 (hexadecimal notation) set to the register
R2312, it is judged that the next frame is the Qtag frame. If
the 2-byte is a different value, it is judged that the next frame
is the L/T frame. If the judgement is the Qtag frame, it is
judged that the packet is the tagged packet, whereas if the
judgment is the L/T frame, it is judged that the packet is the
general frame. In accordance with this judgement, the con-
trol circuit 220 determines the packet conversion contents
(sending without packet conversion, sending with conver-
sion into a basic packet, sending with conversion into a
tagged packet) shown in FIG. 27 by using the packet type
and the sending packet conversion mode determined at (b).

[0174] (d-1: sending without conversion) If the packet is
the tagged packet, the control circuit 220 sequentially trans-
mits the Qtag frame in the buffer 2510-2, the L/T frame next
entering the buffer 2510-2 and then the Data frame to MAC
300. If the packet is the basic packet, the control circuit 220
sequentially transmits the L/T frame in the buffer 2510-2 and
the Data frame next entering the buffer 2510-2 to MAC 300.
In this manner, the packet held in the transmission FIFO 120
or transfer FIFO 130 is transmitted to MAC 300 without
packet conversion and to the Ethernet cable 820.

[0175] (d-2: sending with conversion into the basic
packet) The packet is the tagged packet. The control circuit
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220 drops the Qtag frame including 2-byte in the buffer
2510-2 by skipping a write operation to MAC 300, until the
count of the counter 2520-2 reaches 16 bytes. The control
circuit 220 transmits the L/T frame next entering the buffer
2510-2 and the Data frame to MAC 300. In this manner, the
tagged packet held in the transmission FIFO 120 or transfer
FIFO 130 is converted into the basic packet with only the
Qtag frame being dropped and the basic packet is transmit-
ted to MAC 300 and to the Ethernet cable 820.

[0176] (d-3: transfer with conversion into the tagged
packet) The packet is the basic packet. The control circuit
220 transmits the Qtag frame having the Qtag value judged
at (b) to MAC 300, and then transmits the Data frame next
entering the buffer 2510-2 including the 2-byte in the buffer
2510-2 to MAC 300. In this manner, the basic packet held
in the transmission FIFO 120 or transfer FIFO 130 is
converted into the tagged packet with the Qtag frame having
the Qtag value determined by CAM 2530-2 and register
R2311, and transmitted to MAC 300 and to the Ethernet
cable 820.

[0177] As described above, when a packet received at
MAC 300a, 3005 is received, the packet conversion mode is
determined in accordance with the source or destination
MAC address of the packet. The packet conversion mode
and the Qtag value to be inserted when the packet is
converted into the tagged packet can be determined from the
source or destination MAC address of a packet generated by
CPU 1 or of a packet to be transferred.

[0178] Next, an embodiment of a packet communication
system will be described with reference to FIG. 30, in which
the packet communication apparatus of the invention is
applied to an IP phone.

[0179] An IP phone 8000a is connected to two Ethernet
cables 820a and 820b. One Ethernet cable 820a is connected
to HUB 8100 which is connected to the Internet or an
intranet. The other Ethernet cable 8205 is connected to a PC
or Ethernet communication apparatus 830. HUB 8100 is
connected via a wide area network (WAN) such as the
Internet and an intranet to the IP phone 80005 and a data
center 8200 which stores home page data.

[0180] An IP phone 8000 is constituted of a two-channel
Ethernet communication apparatus 800, two PHY’s 810a
and 8105, a hand set 8010, an A/D converter 8020 for
converting a voice analog input signal into a digital signal,
and a D/A converter 8030 for converting a digital signal into
a voice analog output signal. The hand set 8010 is consti-
tuted of a microphone 8011 for converting a voice into an
analog signal and a speaker 8012 for converting a voice
analog signal input into a voice.

[0181] Speech between the IP phone 80004 and IP phone
80005 is established in the following manner. A voice input
to the microphone 8011 of the IP phone 8000z is converted
by the A/D converter 8020 into a digital signal which is input
to the two-channel communication apparatus 800. CPU 1 in
the two-channel communication apparatus 800 converts the
digital signal into a voice packet which is sent as a trans-
mission packet from MAC 3004 to the Ethernet cable 820a.
The packet sent to the Ethernet cable 820a is sent to the
partner IP phone 80005 via HUB 81002 and WAN. Upon
reception of the voice packet transmitted from the IP phone
80004, CPU 1 in the two-channel communication apparatus
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800 of the partner IP phone 80005 converts the received
voice packet into voice data which is output to the D/A
converter 8030. This voice data is converted by the D/A
converter 8030 into a voice analog signal which is output as
a voice from the speaker 8012. A communication process
from the IP phone 800056 to the IP phone 8000g is performed
in the similar manner to establish speech between the IP
phone 80004 and IP phone 80005.

[0182] Next, the process of reading a home page in the
data center 8200 from PC 830 connected via the IP phone
80004 is performed in the following manner. When PC 830
displays a home page by using a web browser, a packet
having an URL of the home page is transmitted to the
Ethernet cable 820b. Upon receiving this packet at MAC
3005 of the two-channel communication apparatus 800, this
packet is transferred from MAC 300g to the Ethernet cable
8204 because the MAC address of this packet is not destined
for the IP phone 8000. The transferred packet arrives at the
data center 8200 via HUB 8100 and WAN. The data center
8200 reads URL information from the packet transmitted
from PC 830 and packetizes a corresponding home page and
transmits the packet. The packet transmitted from the data
center 8200 arrives at HUB 8100 via WAN and is received
at MAC 300g in the two-channel communication apparatus
800 via the Ethernet cable 820a. The transfer judging circuit
200 in the two-channel communication apparatus 800
searches the destination MAC address of the packet trans-
mitted from the data center 8200 and if it is judged that the
destination MAC address is destined for PC 830, this packet
is transferred to the Ethernet cable 8205b.

[0183] Upon reception of the packet at PC 830, PC 830
derives home page data from the received packet and
displays it by using the web browser. With the above-
described processes, communication between the data center
8200 and PC 830 becomes possible via the IP phone 8000.

[0184] The two voice processes (a process of converting a
digital signal into a voice packet and a process of converting
a voice packet into a digital signal) to be executed by CPU
1 and transfer of a voice packet on an Ethernet system are
required to have a real time nature of performing commu-
nication between two IP phones 8000 in a predetermined
time period in order to prevent noises and speech delay and
to transmit voices smoothly. It is therefore necessary to
transfer a voice packet by using a tagged packet with which
CPU 1 can execute the voice processes with a priority over
other processes and to which priority order can be added
even by the Ethernet system.

[0185] From the above reasons, communication between
HUB and the IP phone 8000 is performed by using the
tagged packet. In addition, there is a packet transfer process
for communication between the data center 8200 and PC
830 so that there is a possibility that a tagged packet is sent
also to PC 300.

[0186] If PC 830 cannot receive the tagged packet, it is
necessary to convert the tagged packet to be transferred from
the IP phone 8000 to PC 830 into a basic packet. In this case,
if the packet conversion is performed at CPU 1, the load on
CPU 1 increases so that the voice processes may be delayed
and the number of transfer packets may increase which are
necessary for packet conversion but cannot be processed,
resulting in dropping the transfer packets. An Ethernet
efficiency is lowered and the real time nature of voice
packets can not be maintained.
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[0187] By adopting the method of this invention, CPU and
transfer processes can be made to have a zero overhead. It
is therefore possible to smoothly perform the voice pro-
cesses and voice packet communication.

[0188] Although the embodiments of the invention have
been described above, the invention is not limited only
thereto, but it is apparent to those skilled in the art that
various alterations and modifications can be made without
departing from the spirit of the invention and the scope of
appended claims.

[0189] 1t is possible to establish a connection to a com-
munication object unable to transmit/receive a packet with
priority information stipulated in IEEE 802.1Q. Transmis-
sion/reception judgement and packet conversion for packet
transfer can be made to have a zero overhead, and the
generation and processing means for performing transmis-
sion/reception judgement and packet conversion can be
made to have a zero load. It is therefore possible to improve
the communication efficiency and the process performance
of the generating and processing means.

What is claimed is:
1. A packet communication apparatus comprising:

a plurality of communication means for transmitting and
receiving a packet to and from a plurality of commu-
nication objects;

packet generating and processing means for generating a
packet to be transmitted by said plurality of commu-
nication means and processing a packet received by the
plurality of communication objects;

transfer packet buffer means for storing a transfer packet
for transferring information among the plurality of
communication objects;

packet conversion means for performing packet conver-
sion for a reception packet received by said plurality of
communication means or for a transmission packet to
be transmitted from said plurality of communication
means; and

transfer control means for outputting, when the reception
packet received by said communication means is
judged as the transfer packet, the reception packet to
said transfer buffer means, for outputting the transmis-
sion packet to said communication means correspond-
ing to the communication object at a destination of the
transmission packet generated by said packet generat-
ing and processing means, and for outputting the trans-
fer packet to said communication means corresponding
to the communication object at a destination of the
transfer packet stored in said transfer buffer means.

2. A packet communication apparatus according to claim

1, wherein:

said packet conversion means includes transfer packet
conversion mode determining means for determining a
packet conversion mode in accordance with a packet
conversion mode setting register settable by said packet
generating and processing means or the communication
objects at a source and a destination of the transfer
packet; and

if said transfer control means judges that the reception
packet received by said communication means is the
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transfer packet and when said transfer control means
outputs the transfer packet to said transfer buffer
means, said packet conversion means converts the
transfer packet in accordance with the packet conver-
sion mode register or said transfer packet conversion
mode determining means.

3. A packet communication apparatus according to claim

1, wherein:

said packet conversion means includes a packet conver-
sion mode setting register settable by said packet
generating and processing means; and

if said transfer control means judges that the reception
packet received by said communication means is the
reception packet to be processed by said packet gen-
erating and processing means and when said transfer
control means outputs the reception packet to said
packet generating and processing means, said packet
conversion means converts the reception packet into a
packet capable of being processed by said packet
generating and processing means in accordance with a
value set to said packet conversion mode setting reg-
ister.

4. A packet communication apparatus according to claim

1, wherein:

said packet conversion means includes transmission
packet conversion mode determining means for deter-
mining a packet conversion mode in accordance with a
packet conversion mode register settable by said packet
generating and processing means or the communication
objects at a source and a destination of the transmission
packet to be transmitted from said communication
means; and

when said transfer control means outputs the transmission
packet to said communication means corresponding to
the communication object at a destination of the trans-
mission packet generated by said packet generating and
processing means and outputs the transfer packet to
said communication means corresponding to the com-
munication object at a destination of the transfer packet
stored in said transfer buffer means, said packet con-
version means converts the transfer packet in accor-
dance with the packet conversion mode register or said
transmission packet conversion mode determining
means.

5. A packet communication apparatus according to claim
3, wherein:

said packet conversion means includes transmission
packet conversion mode determining means for deter-
mining a packet conversion mode in accordance with a
packet conversion mode register settable by said packet
generating and processing means or the communication
objects at a source and a destination of the transmission
packet to be transmitted from said communication
means; and

when said transfer control means outputs the transmission
packet to said communication means corresponding to
the communication object at a destination of the trans-
mission packet generated by said packet generating and
processing means and outputs the transfer packet to
said communication means corresponding to the com-
munication object at a destination of the transfer packet
stored in said transfer buffer means, said packet con-
version means converts the transfer packet in accor-
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dance with the packet conversion mode register or said
transmission packet conversion mode determining
means.

6. A packet communication apparatus according to claim
5, wherein said packet conversion means has a conversion
function of converting a packet with priority information
into a packet without priority information.

7. A packet communication apparatus according to claim
5, wherein said packet conversion means has a conversion
function of converting a packet without priority information
into a packet with priority information.

8. A packet communication apparatus according to claim
5, wherein said packet conversion means has a conversion
function of converting a packet with priority information
into a packet without priority information and count means
for identifying each frame constituting a packet, it is judged
by using said count means whether the packet is a packet
with priority information or a packet without priority infor-
mation, a position of the frame with priority information in
the packet with priority information is detected by using said
count means, and the packet with priority information is
converted into the packet without priority information by
outputting all frames constituting the packet excepting the
frame with priority information.

9. A packet communication apparatus according to claim
5, further comprising:

a conversion function of converting a packet without
priority information into a packet with priority infor-
mation and count means for identifying each frame
constituting a packet, respectively provided in said
packet conversion means;

a register capable of being set with priority information by
said packet generating and processing means, the pri-
ority information being inserted when the packet with-
out priority information is converted into the packet
with priority information; and

packet conversion mode determining means having a
priority information determining function of determin-
ing the priority information to be inserted, in accor-
dance with the communication object at a source or at
a destination of a packet,

wherein it is judged by using said count means whether
the packet is a packet with priority information or a
packet without priority information, a position of the
frame without priority information at which a frame
with priority information is inserted is detected by
using said count means, and the packet without priority
information is converted into the packet with priority
information by inserting a frame with a priority degree
determined in accordance with said priority informa-
tion setting register and said packet conversion mode
determining means at the position where the frame with
priority information is inserted.
10. A packet communication apparatus according to claim
1, wherein said packet conversion means has a conversion
function of converting a packet with priority information
into a packet without priority information.
11. A packet communication apparatus according to claim
1, wherein said packet conversion means has a conversion
function of converting a packet without priority information
into a packet with priority information.
12. A packet communication apparatus according to claim
1, wherein said packet conversion means has a conversion
function of converting a packet with priority information
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into a packet without priority information and count means
for identifying each frame constituting a packet, it is judged
by using said count means whether the packet is a packet
with priority information or a packet without priority infor-
mation, a position of the frame with priority information in
the packet with priority information is detected by using said
count means, and the packet with priority information is
converted into the packet without priority information by
outputting all frames constituting the packet excepting the
frame with priority information.

13. A packet communication apparatus according to claim
1, further comprising:

a conversion function of converting a packet without
priority information into a packet with priority infor-
mation and count means for identifying each frame
constituting a packet, respectively provided in said
packet conversion means;

aregister capable of being set with priority information by
said packet generating and processing means, the pri-
ority information being inserted when the packet with-
out priority information is converted into the packet
with priority information; and

packet conversion mode determining means having a
priority information determining function of determin-
ing the priority information to be inserted, in accor-
dance with the communication object at a source or at
a destination of a packet,

wherein it is judged by using said count means whether
the packet is a packet with priority information or a
packet without priority information, a position of the
frame without priority information at which a frame
with priority information is inserted is detected by
using said count means, and the packet without priority
information is converted into the packet with priority
information by inserting a frame with a priority degree
determined in accordance with said priority informa-
tion setting register and said packet conversion mode
determining means at the position where the frame with
priority information is inserted.

14. A packet communication apparatus comprising:

at least two communication means for performing packet
communication among a plurality of communication
objects by using a packet (new standard packet) with
priority information and a packet (old standard packet)
without priority information;

packet transfer means for transferring a packet among
said communication means;

calculation means for performing a process requiring a
real time nature such as multimedia; and

storage means for storing at least one program to be
executed by said calculation means and data and stor-
ing a packet to be transmitted/received by said calcu-
lation means,

wherein when the communication object cannot receive

the new standard packet, said packet transfer means

converts the new standard packet into the old standard

packet and transferring the old standard packet to the
communication object.

15. A packet communication apparatus according to claim

14, further comprising at least one control register capable
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of being set with a presence/absence of packet conversion by
said calculation means, wherein if it is judged that the
communication object cannot receive the packet with pri-
ority information, said control register is changed from a
new standard compatible mode to an old standard compat-
ible mode in a closed manner within the apparatus in
accordance with the program stored in said storage means.

16. A packet communication apparatus according to claim
15, further comprising a buffer for temporarily storing a
packet to be transferred, wherein conversion from the new
standard packet to the old standard packet is realized by
dropping only the priority information without inputting the
priority information into said buffer.

17. A packet communication apparatus according to claim
16, further comprising a content addressable memory or a
RAM table for storing information on whether each of the
communication objects corresponds to either the new stan-
dard packet or the old standard packet, wherein packet
information basing upon the stored information is performed
in a closed manner within the packet communication appa-
ratus.

18. A packet communication apparatus according to claim
15, further comprising a content addressable memory or a
RAM table for storing information on whether each of the
communication objects corresponds to either the new stan-
dard packet or the old standard packet, wherein packet
information basing upon the stored information is performed
in a closed manner within the packet communication appa-
ratus.

19. A packet communication apparatus according to claim
14, wherein if the program stored in said storage means to
be executed by said calculation means cannot process the
new standard packet, said transfer means converts the new
standard packet into the old standard packet, stores the old
standard packet in said storage means, and converts the old
standard packet stored in said storage means into the new
standard packet to transmit the new standard packet from
said communication means.

20. A packet communication apparatus according to claim
19, further comprising a control register capable of being set
with a presence/absence of packet conversion by said cal-
culation means, wherein if a program to be executed by said
calculation means cannot process the packet with priority
information, said control register is changed from a new
standard compatible mode to an old standard compatible
mode in a closed manner within the apparatus in accordance
with the same program as the program stored in said storage
means or a different program.

21. Apacket communication apparatus according to claim
19, further comprising a register capable of being set with
priority information by said calculation means, the priority
information being inserted when a transmission packet
stored in said storage means is converted from the old
standard packet into the new standard packet, wherein if a
program to be executed by said calculation means cannot
process the packet with priority information, setting the
priority information to said register is performed in a closed
manner in the apparatus in accordance with the same pro-
gram as the program stored in said storage means or a
different program.



